COMMUNICATION SYSTEM WITH IMPROVED MEDIUM ACCESS CONTROL 
SUB-LAYER 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to a 
communication system with medium access control (referred to 
hereinafter as MAC) sub-layers provided respectively in a 
plurality of mobile terminals and a base station, and more 
particularly to a communication system suitable for the 
implementation of a multimedia communication service. 

Description of the Prior Art 

Recently, communication systems have very rapidly been 
developed in every country. Digital communication systems 
proposed up to now can be classified into a frequency division 
multiple access ( FDMA) type, a time division multiple access 
(TDMA) type and a code division multiple access (CDMA) type 
according to how accesses are established between a base 
station and mobile terminals. Only one of the above-mentioned 
various access systems may selectively be used in some 
countries or regions. Alternatively, different access systems 
may simultaneously be used in other countries or regions. For 
example, the CDMA communication system and a global system for 



mobile communication (GSM) are simultaneously used in Moscow. 
To this end, each mobile terminal or base station (or network) 
is required to comprise two types of modulation/demodulation 
modules to compatibly control the two types of access systems. 
5 This requirement runs counter to the international 

communication equipment trend of lightness, thinness, 
smallness and compactness and becomes a primary factor of 
weakening the competitiveness of communication products. 

On the other hand, even if a single communication system 
;J10 is employed in a certain region, products may be different in 

I~j function according to their options and operating systems of 

:f! mobile terminal manufacturers, other communication equipment 

!!!! manufacturers and communication service operators . 

In this connection, a study is being made of increasing 
1^15 the compatibility of communication equipment to provide a 

H communication service to users using the same communication 

it system in the same region, regardless of manufacturers and 

communication service operators. The representative example, 
may be a Digital European Cordless Telecommunication (referred 
20 to hereinafter as DECT) system. This DECT system has been 

developed under the necessity of cordless communication 
capable of accepting data communication requirements to a 
certain degree while giving the first consideration to voice 
communication. Accordingly, the DECT system can establish 
25 interoperability among communication equipment of different 
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manufacturers to provide the users with various communication 
services regarding voice and data as extended optional 
services, as well as basic services. 

Fig. 1 shows a protocol stack used in a conventional DECT 
5 system. As shown in this drawing, the conventional DECT 

system is composed of a physical layer (PHY) 10, a MAC sub- 
layer 20, data link control layers (DLCl and DLC2) 30 and 40 
and a network layer (NWK) 50. 

The PHY 10 of the DECT system functions to divide a given 
? il0 radio spectrum into physical channels. These divisions are 

!H made at two domains, or time and frequency. For the frequency 

if! and time divisions, a TDMA operation is performed with respect 

J!? to multiple radio carriers. For example, in the conventional 

L. DECT system, ten carriers are provided at a frequency band 

!;^15 between 1880 MHZ and 1900 MHZ . 

M The MAC sub-layer 20 of the DECT system basically takes 

m' charge of two main functions. The first function is to select 

a physical channel and set or release connection of a call on 
the selected physical channel. The second function is to 
20 multiplex control information together with upper layer 

information and error control information into a packet in the 

\ 

form of a slot or demultiplex the packet into such 
information. ~ \ 

The DLCl 30 and DLC2 40 act to provide reliable data 

\ 

25 links to the NWK 50. Also, the DLCl 30 and DLC2 VI 0 are 

\ 
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closely connected with the MAC sub-layer 20 to provide the 
upper layer with data integration higher than that provided 
single-handed by the MAC sub-layer 20. In Fig. 1, a C-plane 
is common to all application layers and provides very reliable 
5 transmission links for internal control signals and a limited 

amount of user information traffic. A U-plane is adapted to 
provide a variety of alternative services, which are optimized 
for specific requirements . 

The NWK 50 of the DECT system is a main signal layer of 
'jdlO the protocol stack. In the conventional DECT system, the NWK 

IK 50 employs a configuration similar to that in an ISDN layer 3 

;! protocol (ETS 300 102) and provides functions similar to those 

;^ in the ISDN layer 3 protocol. 

In the above-mentioned conventional DECT system, the MAC 
Ir;i5 sub-layer activates or deactivates a pair of physical channels 

l e * tc control bearer creation, maintenance and release 

*H operations, an empty physical channel selection operation and 

a received signal quality estimation operation. 

However, the conventional MAC sub-layer has been 
20 developed to be suitable for voice-centered communication 

systems. For this reason, the conventional MAC sub-layer may 
be used to perform radio data communication to a certain 
degree, but it will cause many functional problems when being 
applied to multimedia communication service-based next 
25 generation communication systems. Noticeably, the next 
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generation communication system will require highly compatible 
communication equipment to entirely solve various 
communication service problems resulting from option 
differentiation between communication equipment manufacturers 
and communication service operators and various problems 
resulting from different communication manners. 

Further, the next generation communication system must be 
able to select many options because it will use multimedia 
information such as voice, video and text and require very 
excellent speech quality. 

However, the MAC sub-layer of the conventional DECT 
system is adapted to provide only two functions, the former 
selecting a physical channel and the latter multiplexing 
control information into a packet in the form of a slot or 
demultiplexing the packet into such information. For this 
reason, the conventional MAC sub-layer is not applicable to 
the above-mentioned multimedia communication service. 

SUMMARY OF THE INVENTION 

Therefore, the present invention has been made in view of 
the above problems, and it is an object of the present 
invention to provide a communication system which is capable 
of providing a compatible multimedia communication service 
even if an originating terminal and a terminating terminal 



employ different communication manners, they are available 
from different manufacturers or they are operated by different 
communication service operators. 

It is another object of the present invention to provide 
a signal processing method for performing various functions 
required by a communication system, using improved MAC sub- 
layers provided respectively in a plurality of mobile 
terminals and a base station. 

It is yet another object of the present invention to 
provide a protocol operating method for executing a 
communication protocol among improved MAC sub-layers provided 
respectively in a plurality of terminals and a base station, 
according to requests from upper layers of the MAC sub-layers. 

In accordance with one aspect of the present invention, 
there is provided a communication system which has a plurality 
of mobile terminals and a base station, each of the mobile 
terminals and/or base station comprising a medium access 
control sub-layer; upper layers of the medium access control 
sub-layer; and a lower layer of the medium access control sub- 
layer, wherein the medium access control sub-layer is n 
configured to perform self-basic functions in response to 
basic function execution requests or functions associated with 
the upper layers or lower layer in response to requests 
therefrom. 

In accordance with another aspect of the present 



invention, there is provided a method of processing signals 
using medium access control sub-layers in a communication 
system which has a plurality of mobile terminals and a base 
station, the medium access control sub-layers being provided 
5 respectively in the mobile terminals and base station, wherein 

each of the medium access control sub-layers of the mobile 
terminals and/or base station is configured to perform self- 
basic functions or functions associated with upper layers or 
a lower layer thereof if signal processing operations of a 

10 corresponding one of the mobile terminals, of the base station 

or between the corresponding mobile terminal and the base 
station are requested. 

In accordance with yet another aspect of the present 
invention, there is provided a method of operating a 

15 communication protocol between a base station and a plurality 

of mobile terminals using medium access control sub-layers in 
a communication system, the medium access control sub-layers 
being provided respectively in the base station and mobile 
terminals, wherein each of the medium access control sub- 

20 layers is configured to selectively perform an initialization 

mode step, an idle mode step and a radio resource allocation 
mode step in response to requests from upper layers thereof. 



25 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The above and other objects, features and advantages of 
the present invention will be more clearly understood from the 
following detailed description taken in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a block diagram of a protocol stack used in a 
conventional DECT system; 

Fig. 2 is a block diagram of a protocol stack provided in 
each mobile terminal or base station in a communication system 
in accordance with a first embodiment of the present 
invention; 

Fig. 3 is a block diagram illustrating the entire 
function of a MAC sub-layer in Fig. 2; 

Fig. 4 is a block diagram illustrating functions of a 
synchronization/broadcasting/common control part in Fig. 3; 

Fig. 5 is a block diagram illustrating functions of a 
dedicated/traffic control part in Fig. 3; 

Fig. 6 is a flowchart illustrating a method of processing 
signals using MAC sub-layers in a communication system in 
accordance with a second embodiment of the present invention; 

Figs. 7A to 7 J are flowcharts illustrating various signal 
processing operations in Fig. 6; 

Fig. 8 is a flowchart illustrating a method of processing 
signals using MAC sub-layers in a communication system in 



accordance with a third embodiment of the present invention; 

Fig. 9 is a view illustrating types of messages used in 
Fig. 8; 

Fig. 10 is a view illustrating formats of the messages in 
5 Fig. 9; 

Fig. 11 is a view illustrating formats of information 
elements in the messages in Fig. 9; 

Fig. 12 is a view illustrating a format of an 
establishment cause in Fig. 11; 
™jl0 Fig. 13 is a view illustrating a format of a paging 

jf{ channel number in Fig. 11; and 

# Figs. 14 and 15 are flowcharts illustrating a method of 

y.s 

H; operating a communication protocol between a base station and 

a mobile terminal using MAC sub-layers in a communication 

Q 

* a *15 system in accordance with a fourth embodiment of the present 

i yJ 

H= invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

2 0 Fig. 2 is a block diagram of a protocol stack provided in 

each terminal or base station in a communication system in 
accordance with a first embodiment of the present invention. 

With reference to Fig. 2, the protocol stack is composed 
of a physical layer (PHY) 10, a MAC sub-layer 100 which is an 

25 upper layer of the PHY 10, a link access control (referred to 
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hereinafter as LAC) sub-layer 200 which is an upper layer of 
the MAC sub-layer 100, an upper layer 300 of the LAC sub-layer 
200, and an application layer 400 which is an upper layer of 
the layer 300. The upper layer 300 includes a protocol 
discriminator (PD) 310, call reference (CR) 320, call control 
(CC) 330, mobility management entity (MM-T) 340, radio bearer 
control entity (RBC) 350, radio resource control entity (RRC) 
360 and terminal association control entity (TAC) 370. The 
application layer 400 includes a call control function (CCF) ^ 
410, mobile control function (MCF) 420 and radio access „ 
control function (RACF) 430. 

In the communication protocol of the present invention, 
the MAC sub-layer 100 can perform self-basic functions and 
functions associated with the upper and lower layers. 

The basic functions of the MAC sub-layer 100 are a random 
access control information transfer function, 'a control 
information transfer function, a user information transfer 
function, f raming/def raming functions, segmentation/reassembly 
functions, functions of dividing a LAC frame into physical 
channels and vice versa, a CRC function, a MAC sub-layer frame 
error detection function, and a rate adaptation (padding) 
function of adjusting the number of bits suitably for a radio 
frame . 

The associated functions of the MAC sub-layer 100 are a 
synchronization information control function, a system 
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information control function, physical channel 

activation/deactivation functions, quality monitoring and 
reporting functions of, for the maintenance of traffic channel 
quality (FER) , supporting power control, triggering a handover 
5 or reporting a channel condition upon traffic channel 

allocation, and a multi-bearer sequencing function of 
sequencing a multi-code. 

Fig. 3 is a block diagram illustrating the entire 
function of the MAC sub-layer 100 in Fig. 2. 
2io With reference to Fig. 3, the MAC sub-layer 100 includes 

H a synchronization/broadcasting/coiranon control part (SBCCP) 110 

for transferring synchronization information from a^base^ 
station to a plurality of mobile terminals, setting a 
!L dedicated control channel between the base station and each of 

1^15 the mobile terminals and performing a call setting operation 

|: f between the base station and each of the mobile terminals 

yy / 
*S using the set control channel, a dedicated/traffic control 

part (DTCP) 120 for providing a connection-oriented point-to- 
point service to an upper layer of the SBCCP .110 on the basis 

20 of a bidirectional operation system between the base station 

and each of the mobile terminals and monitoring the quality of 
a radio link formed between the base station and each of the 
mobile terminals, and a packet control traffic part (PCTP) 130 
for providing- the connection-oriented point-to-point service 

25 to the upper layer of the SBCCP 110 on the basis of the 
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bidirectional operation system between the base station and 
each of the mobile terminals and implementing a packet data 
service . 

Channels provided in the MAC sub-layer 100 can basically 
be classified into a common control channel group and a 
dedicated control channel group. 

The common control channel group includes a 
synchronization channel, broadcasting control channel and 
common control channel, which are a logical type of channels. 

The synchronization channel (SCH) is used to transfer 
time information for system time and base information for base 
station identification. 

The broadcasting control channel (BCCH) is used to 
broadcast general system information. The system information 
includes access parameter information for access to the base 
station by each of the mobile terminals, adjacent cell 
information indicative of radio frequency (RF) information of 
an adjacent cell, and available frequency information. 

The common control channel- (CCCH) is used to set a stand 
alone dedicated control channel (SDCCH) between each of the 
mobile terminals and the base station. In the preferred 
embodiment of the present- invention, the CQCH includes a 
paging channel (PCH) for paging a terminating end, a random 
access channel (RACH) for access to the base station by each 
of the mobile terminals, and a forward access channel (FACH) 
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for response of the base station to the access of each of the 
mobile terminals. Here, the RACH and FACH are used in pair. 

The dedicated control channel group includes the SDCCH, 
an associated control channel and traffic channel, which are 
a logical type of channels. 

The SDCCH is a connection-oriented bidirectional logical 
channel formed between each of the mobile terminals and the 
base station. All signal information from the setting of the 
SDCCH till the communication state are transferred through the 
SDCCH. For example, terminal association (TA) setup 

information and call setup information may be transferred 
through the SDCCH. 

The associated control channel (ACCH) is a connection- 
oriented bidirectional logical channel associated with the 
traffic channel. All signal information after the 

communication state are transferred through the ACCH. For 
example, power control information and handover information 
may be transferred through the ACCH. 

The traffic channel (TCH) is a connection-oriented 
bidirectional logical channel formed between each of the 
mobile terminals and the base station. A data transmission 
rate through the TCH is determined according to the service 
type. 

As shown in Fig. 3, according to the present invention, 
the MAC sub-layer provides extended functions by reflecting a 
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radio environment in the conventional MAC sub-layer. 

In Fig. 3, the synchronization/broadcasting/common 
control part 110 includes a synchronization control entity 
(SCE) 111 for controlling the synchronization channel for 
transferring the system time information and base station 
identification information, a broadcast control entity (BCE) 
112 for controlling the broadcasting control channel for 
broadcasting the general system information, and a common 
control channel entity (CCE) 113 for setting and controlling 
the SDCCH between the base station and each of the mobile 
terminals . 

The dedicated/traffic control part 120 includes a 
dedicated control entity (DCE) 121 for controlling the 
connection-oriented bidirectional dedicated control channel 
formed between each of the mobile terminals and the base 
station, and a traffic control entity (TCE) 122 for 
controlling the connection-oriented bidirectional traffic 
channel formed between each of the mobile terminals and the 
base station and supporting a single or multi-bearer control 
function (user plane) . 

The control entities 111-122 are adapted to access the 
upper layers including the LAC sub-layer through three service 
access points (SAPs) . In Fig. 3-,- -MAC_SAPI (=0) is a service 
access point for the SCE, BCE and CCE, MAC_SAPI(=1) is a 
service access point for the DCE, and MAC__SAPI (=2 ) is a 
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service access point for a system management entity on a 
management plane. Each service access point includes at least 
one independent connection endpoint. 

The functions of the synchronization control entity 111, 
5 broadcast control entity 112 and common control channel entity 

113 in the synchronization/broadcasting/common control part 
110 will hereinafter be described in detail with reference to 
Fig. 4. 

The synchronization and broadcast control entities 111 
SlO and 112 are adapted to provide a point-to-multipoint service 

in which the base station transmits the system time 
;fj information, base station identification information and 

i« system information to a plurality of mobile terminals. These 

^ synchronization and broadcast control entities 111 and 112 

1**15 effect the point-to-multipoint service in a store and forward 

^ manner. The system information includes access parameter 

*1 information for access to the base station by each of the 

mobile terminals, adjacent cell information indicative of RF 
information of an adjacent cell, and available frequency 
2 0 information . 

The broadcast control entity 112 is adapted to perform 
segmentation and reassembly (SAR) operations with respect to 
a LAC frame according to a frame length of the BCCH. Also, 
the broadcast control entity 112 performs a framing or 
25 deframing operation according to a given frame format. 
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The common control channel entity 113 provides a random 
access control function for access between each of the mobile 
terminals and the base station. The random access control 
function is to set the SDCCH between each of the mobile 
terminals and the base station on the basis of the common 
control channel to effect a point-to-point connection 
therebetween. Each mobile terminal accesses the base station 
using the set control channel to perform a call setting 
operation . 

The functions of the dedicated control entity 121 and 
traffic control entity 122 in the dedicated/traffic control 
part 120 will hereinafter be described in detail with 
reference to Fig. 5. 

The dedicated control entity 121 is adapted to provide a 
connection-oriented point-to-point service to the upper layer. 
The connection-oriented point-to-point service is operated 
according to a bidirectional operation system between the base 
station and each of the mobile terminals. The base station 
controls a plurality of dedicated channels at the same time, 
and each mobile terminal controls a single dedicated channel. 

The traffic control entity 122 provides a radio link 
quality monitoring function which supports power control to 
physical channels to maintain the quality (FER) of a traffic 
frame and triggers a handover if the traffic frame quality and 
a pilot intensity fall below predetermined levels. Each 
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mobile terminal may measure the radio link quality and report 
the measured result to the base station through the ACCH. 

On the other hand, the MAC sub-layer can control a 
plurality of traffic channels for a multi-bearer connection 
for a mass service. In the case of a (multimedia) service 
call requiring a plurality of codes, a multi-code sequencing 
function can be performed based on mechanisms for quality of 
service (QOS) negotiation and dynamic bandwidth allocation. 
Here, the base station performs resource management, 
allocation and state management for a plurality of codes and 
then transfers the resultant messages to each mobile terminal. 

A method of processing signals using MAC sub-layers in a 
communication system in accordance with a second embodiment of 
the present invention will hereinafter be described with 
reference to Figs. 6 and 7A to 7 J. 

Fig. 6 is a flowchart illustrating an operation of 
controlling signals between MAC sub-layers of a mobile 
terminal (MT) and a network (NTWK) (or base station) . 

With reference to Fig. 6, first, an upper layer (MM1/ 
RBC1 or RRC1) or application layer of the MT transfers a 
desired control command in the form of a primitive to a link 
access control 1(LAC1) of the MT at step ST31. The LAC1 
transfers a request message based on the control command from 
the upper layer or application layer of the MT to a MAC1 of 
the MT at step ST32. The MACl of the MT sends the request 
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message from the LAC1 to a MAC 2 of the NTWK sequentially 
through physical layers (PHY1 and PHY2) of the MT and NTWK at 
step ST33. Then, the MAC 2 transfers the request message from 
the MAC1 to a LAC 2 of the NTWK at step ST34 . The LAC 2 
transfers the request message from the MAC 2 to an upper layer 
(MM2, RBC2 or RRC2) or application layer of the NTWK at step 
ST35 and feeds a response signal back to the MAC 2 at step 
ST36. Then, the MAC 2 sends the response signal from the LAC 2 
to the MAC1 sequentially through the PHY2 and PHY1 of the NTWK 
and MT at step ST37 . Upon receiving the response signal from 
the MAC2, the MAC1 transfers a confirm signal regarding 
execution of the initial control command to the LAC1 at step 
ST38. Then, the LAC1 reports the control command execution to 
the upper layer or application layer. 

Noticeably, all control commands do not follow the order 
shown in Fig. 6, and they may be advanced along selective 
paths according to their characteristics. 

OPERATION OF CONTROLLING BROADCAST ING OF SYN CHRONIZATION 
INFORMATION OR SYSTEM INFORMATION 

The operation of controlling the broadcasting of the 
synchronization information or system information provides a 
point-to-multipoint service for time information, system 
information or paging. This broadcasting control operation 
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effects the point-to-multipoint service in a store and forward 
manner. Various system parameters received by a mobile 
terminal (MT) are updated with the latest information. 

With reference to Fig. 7A, a radio resource control (RRC) 
of a network (NTWK) transfers a message in the form of a 
primitive LAC_UNIT_DATA_REQ to a link access control (LAC) of 
the NTWK at step SAl or SAIL Upon receiving the primitive 
LAC UN I T_DAT A_REQ from the RRC, the LAC of the NTWK transfers 
a message in the form of a primitive MAC_UNIT_DATA_REQ to a 
MAC of the NTWK at step SA2 or SA12 . Then, the MAC of the 
rj NTWK effects a broadcasting control service for the 

5 synchronization information or system information in the store 

g and forward manner at step SA3 or SA13. 

^ - Upon receiving a synchronization information or system 

tiS information request message from the MAC of the NTWK, a MAC of 

Is? 

i the MT transfers a message in the form of a primitive 

3 MAC UNIT_DATA_IND to a LAC of the MT at step SA4 or SAl 4. 

Then, the LAC of the MT transfers a message in the form of a 
primitive LAC_UNIT_DATA_IND to an RRC of the MT at step SA5 or 
20 SA15. 

Then, the RRC of the MT transfers a primitive 
MMAC_SYNC_REQ to the MAC of the MT at step SA6 or SA16. The 
primitive MMAC_SYNC_REQ is used for time synchronization 
between the NTWK and the MT . Upon receiving the primitive 
2 5 MMAC SYNC_REQ from the RRC of the MT, the MAC of the MT 
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transfers a synchronization information request primitive 
PHY_SYNC_REQ to a physical layer (PHY) at step SA7 or SA17 . 

RANDOM ACCESS CONTROL OPERATION 

5 

The random access control operation is performed to set 
an SDCCH between a mobile terminal (MT) and a network (NTWK) 
on the basis of the common control channel to effect a point- 
to-point connection therebetween. The MT can access the NTWK 
3L0 through the random access control operation and execute a call 

jj setting operation using the set signal channel, 

jfj With reference to Fig. 7B, a LAC of the MT transfers a 

primitive MAC_ACC_REQ to a MAC of the MT at step SB1 to 
L request a radio resource for setting the SDCCH between the MT 

tl5 and the NTWK. Upon receiving the primitive MAC_ACC_REQ from 

] Z the LAC of the MT, the MAC of the MT transfers a message in 

^ the form of a primitive PHY_UNIT_DATA_REQ to a physical layer 

(PHY) of the MT at step SB2 . 

Then, the PHY of the MT sends a primitive 
2 0 PHY UN I T_DAT A_I N D to a MAC of the NTWK through a physical 

layer (PHY) of the NTWK at steps SB3 and SB4 to notify it that 
the MT requests the radio resource for the setting of the 
SDCCH. 

Upon receiving a channel request message from the MT, the 
25 MAC of the NTWK transfers a primitive MAC_ACC__IND to a LAC of 
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the NTWK at step SB5 to request the radio resource. 

At this time, the MAC of the NTWK transfers an 
acknowledge message in the form of a primitive 
PHY UNIT_DATA_REQ to the PHY of the NTWK at step SB6 to 
acknowledge the channel request from the MT . Then, the PHY of 
the NTWK sends the channel request acknowledge message from 
the MAC of the NTWK to the PHY of the MT . 

On the other hand, upon receiving the primitive 
MAC_ACC_IND from the MAC of the NTWK, the LAC of the NTWK 
io transfers a primitive MAC_ACC_RSP from an RRC of the NTWK to 

LJ the MAC of the NTWK at step SB8 to indicate that the RRC of 

m the NTWK accepts or rejects the radio resource request. Then, 

S the MAC of the NTWK transfers a message in the form of a 

!= 3 primitive PHY_UNIT_DATA_REQ to the PHY of the NTWK at step 

1^15 SB9. The PHY of the NTWK sends a channel response to the 

It radio resource request to the PHY of the MT at step SB10. 

^ Upon receiving the channel response from the PHY of the NTWK, 

the PHY of the MT transfers a message in the form of a 
primitive PHY_UNIT_DATA_IND to the MAC of the MT at step SBll. 
Then, the MAC of the MT transfers a primitive MAC_ACC_CNF to 
the LAC of the MT at step SB12 to inform it that the 
allocation of a new radio resource has been completed. 
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PHYSICAL CHANNEL ACT I VAT I ON /DEACT I VAT I ON CONTROL 

OPERATIONS 

The physical channel activation/deactivation control 
operations are to perform control transfer functions for 
activation/deactivation of physical channels. These physical 
channel activation/deactivation control operations are applied 
in common to a dedicated signal channel and traffic channel. 

With reference to Fig. 7C, an RBC or RRC of a mobile 
terminal (MT) or network (NTWK) transfers a primitive 
MMAC ACT REQ to a MAC of the MT or NTWK at step SCll or SCI to 
activate a communication path thereto. Alternatively, in 
order to deactivate the communication path to the MAC of the 
MT or NTWK, the RBC or RRC of the MT or NTWK transfers a 
primitive MMAC_DEACT_REQ to the associated MAC at step SC31 or 
SC21. Then, the MAC of the MT or NTWK transfers a primitive 
PHY_ACT_REQ to a physical layer (PHY) of the MT or NTWK at 
step SC12 or SC2 to activate a communication path thereto. 
Alternatively, in order to deactivate the communication path 
to the PHY of the MT or NTWK, the MAC of the MT or NTWK 
transfers a primitive PHY_DEACT_REQ to the associated PHY at 
step SC32 or SC22. 

Then, hardware or software of a communication path for 
the physical channel activation or deactivation is set in the 
PHY of the MT or NTWK. Also, the PHY of the MT or NTWK 
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transfers a primitive PHY_ACT_CNF to the associated MAC at 
step SC13 or SC3 to inform it that the communication path has 
been activated. Alternatively, in order to inform the MAC of 
the MT or NTWK that the communication path has been 
5 deactivated, the PHY of the MT or NTWK transfers a primitive 

PHY DEACT_CNF to the associated MAC at step SC33 or SC23. 

Upon receiving the primitive PHY_ACT_CNF from the PHY of 
the MT or NTWK, the MAC of the MT or NTWK transfers a 
primitive MMAC_ACT_CNF to the associated RBC or RRC at step 
sllO SCI 4 or SC4 to inform it that the communication path has been 

LU activated. Alternatively, upon receiving the primitive 

m PHY DEACT_CNF from the PHY of the MT or NTWK, the MAC of the 

K MT or NTWK transfers a primitive MMAC_DEACT_CNF to the 

■U associated RBC or RRC at step SC34 or SC24 to inform it that 

ri15 the communication path has been deactivated. 

? =S CF.T.T. CONDITION OR CHANNEL CONDITION REPOR TING OPERATION 

The cell condition or channel condition reporting 
20 operation is performed to satisfy a subscriber's service 

quality requirement upon the allocation of a traffic channel. 
A mobile terminal (MT) measures a cell condition or channel 
condition and reports the measured result to a network (NTWK) . 
Upon receiving a cell condition or channel condition 
25 measurement request from an RRC of the MT, a MAC of the MT 
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instructs a physical layer (PHY) of the MT to measure a cell 
condition or channel condition. The PHY of the MT measures 
the cell condition or channel condition and feeds the measured 
result back to the MAC of the MT . Then, the MAC of the MT 
reports the measured result fed from the PHY of the MT to the 
RRC of the MT. The RRC of the MT sends the measured result 
reported by the MAC of the MT to the NTWK through a LAC of the 
MT. As a result, the NTWK allocates a traffic channel on the 
basis of the measured result from the MT. The NTWK obtains a 
measurement condition (periodic or as needed) on the cell 
condition or channel condition on the basis of a system 
information message. 

With reference to Figs. 7D and 7E, an RRC of the NTWK 
transfers a primitive LAC_UN I T_DATA_REQ to a LAC of the NTWK 
15 at step SD1 or SE1 to request cell condition or channel 

condition measurement. Upon receiving the primitive 

LAC_UNIT_DATA_REQ from the RRC of the NTWK, the LAC of the 
NTWK transfers a message in the form of a primitive 
MAC UNIT DATA_REQ to a MAC of the NTWK at step SD2 or SE2 . 
20 Then, the MAC of the NTWK sends a cell condition or channel 

condition measurement request message- to the MAC of the MT at 
step SD3 or SE3 . Upon receiving the cell condition or channel 
condition measurement request message from the MAC of the 
NTWK, the MAC of the MT transfers a primitive 
25 MAC_UNIT_DATA_IND to^the LAC of the MT at step SD4 or SE4 to 
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request cell condition or channel condition report. The LAC 
of the MT transfers a primitive LAC_UNIT_DATA_IND to the RRC 
of the MT at step SD5 or SE5 to inform it of the cell 
condition or channel condition report request. The RRC of the 
5 MT transfers a primitive MMAC_MEASURE_REQ to the PHY of the MT 

at step SD6 or SE6 to request cell condition or channel 
condition measurement. Then, the PHY of the MT transfers a 
primitive MMAC_MEASURE_CNF to the RRC of the MT at step SD7 or 
SE7 to inform it that the cell condition or channel condition 
TqIO measurement has been completed. 

|fj Upon receiving the primitive MMAC_MEASURE_CNF from the 

PHY of the MT, the RRC of the MT transfers a primitive 
S LAC UNIT_DATA_REQ to the LAC of the MT at step SD8 or SE8 to 

IU inform it of the result of the cell condition or channel 

condition measurement requested by the NTWK. Then, the LAC of 
the MT transfers a primitive MAC_UNIT_DATA_REQ to the MAC of 
the MT at step SD9 or SE9 to inform it of the measured result 
of the cell condition or channel condition. The MAC of the MT 
sends the measured result of the cell condition or channel 
condition to the MAC of the NTWK at step SD10 or SE10. Upon 
receiving the cell condition or channel condition measured 
result from the MAC of the MT, the MAC of the NTWK transfers 
a primitive MAC_UN I T_DAT A_I N D to the LAC of the NTWK at step 
SD11 or SE11. Then, the LAC of the NTWK transfers a primitive 
25 LAC UNIT DATA_IND to the RRC of the NTWK at step SD12 or SE12 . 
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LAC INFORMATION TRANSFER OPERATION 



If a dedicated channel (signal channel or traffic 
channel) is successfully set between a mobile terminal (MT) 
and a network (NTWK) ; then it performs two types of 
information transfer functions, or a control information 
transfer function and a user information transfer function. 

With reference to Fig. 7F, a LAC of the MT or NTWK 
transfers a primitive MAC_UNIT_DATA__REQ to a MAC of the MT or 
NTWK at step SF1 or SF11 to request control information and 
user information. Upon receiving the primitive 

MAC UN I T_DAT A_REQ from the LAC of the MT or NTWK, the MAC of 
the MT or NTWK transfers a message in the form of a primitive 
PHY_UNIT_DATA_REQ to a physical layer (PHY) of the MT or NTWK 
at step SF2 or SF12 . Then, the PHY of the MT or NTWK 
transfers a message in the form of a primitive 
PHY UNIT DATA IND to the associated MAC at step SF3 or SF13. 
Upon receiving the primitive PHY_UNIT_DATA_IND from the PHY of 
the MT or NTWK, the MAC of the MT or NTWK transfers a message 
in the form of a primitive MAC_UNIT_DATA_IND to the associated 
LAC at step SF4 or SF14. As a result, the control information 
and user information can be transferred from the MT or NTWK to 
the NTWK or MT . 



# 



MAC CIPHER CONTROL TRANSFER OP ERATION 



In the MAC cipher control transfer operation, an MM of a 
mobile terminal (MT ) or network (NTWK) requests a cipher 
5 operation of a MAC of the MT or NTWK for the protection of 

data. In practice, the cipher operation is performed by a 
physical layer (PHY) of the MT or NTWK and- the ciphered result 
is transferred to"' the MM through, the MAC. 

With reference to Fig. 7G, the MM of the MT or NTWK 
!fjlO transfers a primitive MMAC_C I PHER_REQ to the associated MAC at 

I'll 

jjj step SGI or SG11 to request the cipher operation. Then, the 

rS MAC of the MT or NTWK transfers a primitive PHY_CIPHER_REQ 

m from the associated MM to the associated PHY. 

!;_ The PHY of the MT or NTWK performs the cipher operation 

!=h 15 for user data and then transfers a primitive PHY_CIPHER_CNF to 

h t the associated MAC to inform it that the cipher operation has 

* s been completed. Upon receiving the primitive PHY_CIPHER_CNF 

from the PHY of the MT or NTWK, the MAC of the MT or NTWK 
transfers a primitive MMAC_CIPHER_CNF to the associated MM at 
step SG2 or SG12 to inform it that the cipher operation has 
been completed. 



20 



MAC HANDOVER CONT ROL OPERATION 
25 The MAC handover control operation is performed to change 
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a radio resource of a specific cell because the radio resource 
is inferior in quality to that of an adjacent cell. To this 
end, a MAC of a mobile terminal (MT) or network (NTWK) informs 
an RRC or RBC of the MT or NTWK of the current radio 
condition. Then, the RRC or RBC of the MT or NTWK applies a 
handover command to the associated MAC. The handover 
operation is performed by a physical layer (PHY) of the MT or 
NTWK and the handover result is transferred to the RRC or RBC 
of the MT or NTWK. 

With reference to Fig. 7H, the MAC of the MT or NTWK 
measures an error rate, interference level, pilot signal 
level, etc. of a received transmission frame. When the 
measured results reach threshold values requiring the handover 
operation, the MAC of the MT or NTWK transfers a primitive 
MMAC HO_TRIGGER_IND to the associated RRC or RBC at step SHI 
or SH11 to request the handover operation. Upon receiving the 
primitive MMAC_HO_TRIGGER_IND from the MAC of the MT or NTWK, 
the RRC or RBC of the MT or NTWK transfers a primitive 
MMAC_HO_REQ to the associated PHY at step SH2 or SH12 to 
request the handover operation. 

Upon receiving the primitive MMAC_HO_REQ from the RRC or 
RBC of the MT or NTWK, the PHY of the MT or NTWK performs the 
handover operation and then transfers a primitive PHY_HO_CNF 
to the associated MAC to inform it that the handover operation 
has been performed. Then, the MAC of the MT or NTWK transfers 
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a primitive MMAC_HO_CNF to the associated RRC or RBC at step 
SH3 or SH13. 

MAC COMMUNICATION PATH MODIFICATION CONTROL OPERATION 

The MAC communication path modification control operation 
is performed to modify a communication path because a cell 
condition or channel condition is not good. To this end, an 
RBC of a mobile terminal (MT) or network (NTWK) requests a MAC 
of the MT or NTWK to modify a communication path. Then, the 
MAC of the MT or NTWK informs the associated RBC that the 
communication path has been modified. 

With reference to Fig. 71, the RBC of the MT or NTWK 
transfers a primitive MMAC_MODIFY_REQ to a physical layer 
(PHY) of the MT or NTWK through the associated MAC at step SI1 
or Sill to request it to modify attributes of a communication 
path . 

Upon receiving the primitive MMAC_MODIFY_REQ from the RBC 
of the MT or NTWK, the PHY of the MT or NTWK performs the 
requested communication path modification operation and then 
transfers a primitive MMAC_MODIFY_CNF to the RBC of the MT or 
NTWK through the associated MAC at step SI2 or SI12 to inform 
it that the communication path modification operation has been 
completed . 



MAC RADIO FAILURE CONDITION CONTROL OPERATION 

In the MAC radio failure condition control operation, a 
MAC of a mobile terminal (MT) or network (NTWK) informs an RRC 
5 or RBC of the MT or NTWK of all failure conditions of a radio 

environment such as radio resource insufficiency, network 
equipment failure, radio resource use disable, radio resource 
modification disable, etc.. Then, the RRC or RBC of the MT or 
NTWK requests the associated MAC to stop the setting of a 
^10 radio bearer, and the MAC of the MT or NTWK informs the 

* associated RRC or RBC of the stopped result. 

IP With reference to Fig. 7J, if a radio communication 

;J connection to a communication path fails, the MAC of the MT or 

=_ NTWK transfers a primitive MMAC_RAD 1 0_FA I L_I N D to the 

^15 associated RRC or RBC at step SJ1 or SJ11. The RRC or RBC of 

the MT or NTWK recognizes the radio communication connection 
JO failure condition in response to the primitive 

MMAC_RADIO_FAIL_IND from the associated MAC and then transfers 
a communication path deactivation request primitive 
2 0 MMAC_DEACT_REQ to a physical layer (PHY) of the MT or NTWK at 

step SJ2 or SJ12 to request it to stop the setting of a radio 
bearer. Then, the PHY of the MT or NTWK stops the setting of 
the radio bearer and transfers a primitive MMAC_DEACT__CNF to 
the RRC or RBC of the MT or NTWK through the associated MAC at 
25 step SJ3 or SJ13 to inform it that the communication path has 
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been deactivated. 

Fig. 8 is a flowchart illustrating a method of processing 
signals using MAC sub-layers in a communication system in 
accordance with a third embodiment of the present invention. 
5 . With reference to Fig. 8, for the provision of a call 

service between a base station and a mobile terminal through 
MACs included respectively therein, the mobile terminal has to 
send a channel request message to the base station through a 
reverse access channel (RACH) . The channel request message is 

'5 10 used for the request of a radio resource by the mobile 

?4 terminal. 

;>? In this connection, the base station receives a message 

H from a specific mobile terminal at step S41 and then checks 

* at step S42 whether the received message is a channel request 

Ml5 message through the RACH. 

H If it is checked at step S42 that the received message is 

m not the channel request message, the base station provides a 

service corresponding to the received message at step S43. To 
the contrary, in the case where the received message is the 
20 channel request message, the base station sends a channel 

request acknowledge message through a forward access channel 
(FACH) at step S44. 

Noticeably, the channel request acknowledge message is 
used only when the mobile terminal tries to access the network 
2 5 through the RACH. 
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Upon receiving the channel request acknowledge message 
from the base station, the mobile terminal stops trying to 
access the base station at step S45. 

Then, the base station sends a channel response message 
5 for channel allocation to the mobile terminal at step S46. 

Noticeably, the channel response message is used only 
when the mobile terminal tries to access the network through 
the RACH. If the MAC of the mobile terminal confirms the 
channel response message, then it transfers an access response 
10 confirm primitive to a link access control (LAC) . 

A data format of the channel response message is composed 
of a 1-octet address field, a 3-bit MAC frame type and a LAC 
sub frame . 

The mobile terminal is allocated with the requested 
15 channel according to the channel response message from the 

base station at step S47. 

The above-mentioned messages are formatted and sent 
according to logical channel types by the MACs of the mobile 
terminal and base station. 
2 0 Namely, as shown in Fig. 9, the logical channel types are 

classified into a forward access channel (FACH) and a reverse 
access channel (RACH) . The FACH is associated with the 
channel request acknowledge message and channel response 
message which are sent from the network to the mobile 
25 terminal. The RACH is associated with the channel request 
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message which is sent from the mobile terminal to the network. 

Each MAC of the mobile terminal and base station is 
adapted to determine whether a received message is the channel 
request acknowledge message, channel response message or 
5 channel request message, by checking low-order 3 bits of the 

received message. That is, as shown in Fig. 10, if the 
received message is "XXXXX001", it is determined as the 
channel request acknowledge message associated with the 
forward access channel. If the received message is 

~10 "XXXXX010", it is determined as the channel response message 

H associated with the forward access channel. In the case where 

f the received message is "XXXXX000", it is determined as the 

vI: channel request message associated with the reverse access 

!0 

channel. 

a 3 

^15 

1 

s f [TABLE 1] 
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7 6 5 4 


3 2 


1 


ADDRESS FIELD 


RESERVED 


MAC FRAME 


TYPE 


CRC 



The above table 1 shows a data frame format of the 
channel request acknowledge message. As seen from the above 
25 table 1, the data frame of the channel request acknowledge 
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message is configured in an A' type frame format. 

The A' type frame format is composed of a 1-octet address 
field region, a reserved region of high-order 5 bits of a 1 
octet, a MAC frame type region of low-order 3 bits of the 1 
5 octet, and a CRC region for the detection of a frame error. 

A data frame of the channel response message is 
configured in an A'B type frame format, as seen from the below 
table 2 . 

10 [TABLE 2] 



8 


7 6 5 4 


3 2 


1 


ADDRESS FIELD 


RESERVED 


MAC FRAME 


TYPE 


CRC 


INFORMATION 


PADDING 


EOF 



The A'B type frame format is composed of a 1-octet 
20 information region, a padding region of high-order 5 bits of 

a 1 octet, and an EOF region of low-order 3 bits of the 1 
octet, in addition to the regions in the A' type frame format 
shown in the table 1 - 
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[TABLE 3] 



8 7 6 5 


4 


3 2 1 


ADDRESS FIELD 


RESERVED 


MAC FRAME TYPE 


PAGING SLOT NUM 


PAGING CH NUM 


CRC 



A data frame of the channel request message is configured 

OlO in an A type frame format, as seen from the above table 3. 

rU The A type frame format is composed of a paging slot 

=lP number region of high-order 4 bits of a 1 octet, and a paging 

M channel number region of low-order 4 bits of the 1 octet, in 

si addition to the regions in the A' type frame format shown in 

M=15 the table 1. 

m 

M= The channel request acknowledge message, channel response 

message and channel request message are configured in the 
different transmission frame formats as mentioned above. 
These messages commonly include a B type frame format shown in 
20 the below table 4. 



25 
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[TABLE 4] 



8 


7 6 5 


4 


3 2 


1 




ADDRESS 


FIELD 




RESERVED 


MAC FRAME 


TYPE 



As seen from the above table 4, the B type frame format 
includes a 1-octet address field region, a reserved region of 
high-order 5 bits of a 1 octet, and a MAC frame type region of 

flO low-order 3 bits of the 1 octet. 

j 

*J The address field consists of a high-order 3-bit 

J 

: establishment cause and a low-order 5-bit random reference. 
I In this connection, as shown in Fig. 11, information 

elements, configured by the MAC for the message transmission, 

i 

*15 are a high-order 3-bit establishment cause, low-order 5-bit 

: random reference, 4-bit paging slot number and 4-bit paging 

I 

1 channel number. 

The establishment cause represents a random access 

condition, and the random reference is a random number 
20 produced by the mobile terminal itself. The establishment 

cause and random reference are used to reduce the probability 

that two mobile terminals will send messages with the same 

random number. 

As shown in Fig. 12, the establishment cause indicates 
25 different random access conditions according to high-order 3 
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bits of a 1 octet. Namely, if the high-order 3 bits are 
"000", the establishment cause indicates a location updating 
condition. Also, the establishment cause represents an answer 
to paging condition if the high-order 3 bits are "001", a call 
5 originating condition if "010", a call re-establishment 

condition if "011", and an emergency call condition if "100". 

The paging slot number is a value for identifying a 
specific slot to be monitored on a paging channel in a slot 
mode, and the paging channel number is a value for identifying 

QlO a specific paging channel to be used in the slot mode or a 

sip 

^ non-slot mode. 

§ d 

H| The paging channel number identifies a specific paging 

H : channel to be used in the slot mode or non-slot mode. Namely, 

s; _ as shown in Fig. 13, if the low-order 4 bits are "0000", the 

M=15 paging channel number indicates a non-slot mode paging 

|i channel. If the low-order 4 bits are "0001" to "1111", the 

:=g paging channel numbers indicate paging channels 1 to 15, 

respectively. 

In this manner, each MAC of the mobile terminal and base 
20 station configures the information elements according to the 

message type so that a call service can be provided under a 
radio environment between the mobile terminal and the base 
station . 

Figs. 14 and 15 are flowcharts illustrating a method of 
25 operating a communication protocol between a base station and 
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a mobile terminal using MAC sub-layers in a communication 
system in accordance with a fourth embodiment of the present 
invention . 

In Fig. 14, a communication with the base station is 
disabled at a null step ST1. The reception of synchronization 
information is waited for at a wait for sync information step 
ST3. The setting of an SDCCH for originating and terminating 
of the mobile terminal is enabled at an idle step ST6. Random 
access is requested and acknowledgment thereof is waited for 
at a wait for access ACK step ST15. A response after the 
random access acknowledgment is waited for at a wait for 
access response step ST15. The activation of the SDCCH is 
waited for at a wait for active step ST18. The SDCCH or radio 
bearer is activated at an active step ST21 to enable 
information transfer therethrough. 

In Fig. 15, the setting of an SDCCH for originating and 
terminating of the base station is enabled at an idle step 
SN1 . A mobile terminal's request for the SDCCH setting is 
received and transferred to a LAC, and a response thereto is 
waited for at a wait for radio resource step SN4 . The 
activation of the SDCCH is waited for at a wait for active 
step SN7 . The SDCCH or radio bearer is activated at an active 
step SN10 to enable information transfer therethrough. 

Each of the MAC sub-layers provided respectively in the 
mobile terminal and base station cooperates with upper layers 
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(MM, RBC, RRC and LAC) and a lower layer (physical layer) to 
perform an initialization operation, idle mode operation and 
activation operation. The activation operation includes a 
radio resource allocation operation, radio resource activation 
5 mode operation and radio link failure processing operation. 

INITIALIZATION OPERATION BETWEEN MOBILE TERMINAL AND BASE 
STATION 

;J10 Upon power-on at step ST2, the MAC sub-layer of the 

* mobile terminal proceeds from the null step ST1 to the wait 

IF* 5 

f! for sync information step ST3. Then, the MAC sub-layer of the 

!!" mobile terminal starts a predetermined timer and scans a 

l _ synchronization channel (SCH) to obtain system time 

1*15 information and base station identification information for 

= J demodulation . 

U The MAC sub-layer of the mobile terminal determines 

whether a valid synchronization information message is 
received until the timer expires. If no valid synchronization 
20 information message is received, the MAC sub-layer of the 

mobile terminal transfers a synchronization acquisition 
failure cause in the form of a primitive MMAC_RAD I 0_FA I L_I N D 
to the upper layer RRC and then proceeds to the idle step ST6. 
In the case where the valid synchronization information 
25 message is received, the MAC sub-layer of the mobile terminal 



-39- 




outputs a command to stop the timer and then transfers system 
time information and base station identification information 
included in the received synchronization information message 
in the form of a primitive PHY_SYNC_REQ to the physical layer 
at steps ST4 and ST5 to set a system time of the mobile 
terminal . 

On the other hand, the initialization operation of the 
base station can be implemented in various manners according 
to development environments and a description thereof will 
thus be omitted. Noticeably, the base station must 

continuously broadcast synchronization information messages 
through the SCH at a desired period Nl (maximum 1 sec) . 

IDLE MODE OPERATION BETWEEN MOBILE TERMINAL AMD BASE 
STATION 

First, the MAC sub-layer of the mobile terminal receives 
a system information message at an idle state and compares an 
identification number of the received system information with 
a system information identification number stored in the 
mobile terminal. If the identification number of the received 
system information is different from the system information 
identification number stored in the mobile terminal, the MAC 
sub-layer of the mobile terminal regards the received system 
information as newly modified system information and updates 



the current system information with the received system 
information. In this case, the MAC sub-layer of the mobile 
terminal must not communicate with the base station in any 
manner until the current system information is updated. 
5 On the other hand, as shown in Fig. 15, the base station 

periodically broadcasts system information messages through a 
broadcasting control channel (BCCH) at the idle step SN1 . At 
this time, a broadcasting period must be within N2 (maximum 1 
sec) . From a received system information message, the mobile 

10 terminal obtains information necessary to the connection to a 

base station being currently monitored. In this case, the 
system information message includes information regarding the 
current base station, access channel use control information, 
control information regarding an adjacent base station and 

15 CDMA channel list information. 

RADIO RESOURCE ALLOCATION OPERATION BETWEEN MOBILE 
TERMINAL AND BASE STATION 



2 0 The radio resource allocation operation is performed for 

radio connection between the mobile terminal and the base 
station in response to a radio resource allocation request 
primitive MAC_ACC_REQ from the upper layer (LAC) of the MAC 
sub-layer. The primitive MAC_ACC_REQ is used in the MAC sub- 

25 layer to request the allocation of a radio resource (signal 
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channel or traffic channel) to be used for registration of the 
position of an originating call. Here, the radio resource 
signifies a radio channel for a point-to-point service between 
the mobile terminal and the base station, which includes a 
5 signal channel (SDCCH) and traffic channel (TCH) . 

In the radio resource allocation operation of the mobile 
terminal, it is first checked whether the radio resource is 
authorized by the base station. Namely, a system information 
message broadcasted through the BCCH may include an access 
s ^10 authorization level. If the radio resource is authorized by 

\ y z the base station, then the radio resource allocation operation 

;i; of the mobile terminal is started. That is, as shown in Fig. 

14, upon receiving a primitive MAC_ACC_REQ from the LAC at 
step ST11, the MAC sub-layer of the mobile terminal sends a 
M-IS channel request message to the base station at step ST12. The 

ill 

M sending of the channel request message is performed by a 

kg* random access operation. The power control of an access 

channel is performed by applying a command regarding a 
transmission power level to the physical layer according to 
20 the system information message broadcasted through the BCCH. 

The random access operation can be performed in the 
following manner. That is, the mobile terminal tries the 
random access operation through the access channel to be 
allocated with a dedicated signal channel. Parameters used in 
25 the random access operation are an establishment cause which 
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represents a random access condition, a random reference which 
is a random number produced by the mobile terminal itself, a 
paging channel number which identifies a paging channel, and 
a paging slot number which identifies a paging slot. 
5 A confirm operation is performed after the radio resource 

allocation operation is completed. This confirm operation is 
required for the reliable exchange of messages between the 
mobile terminal and the base station. The mobile terminal 
sends a channel request message to the base station through 
r|lO the random access operation at step ST12. Then, upon 

receiving a channel response message from the base station at 
step ST16, the mobile terminal recognizes that the confirm 
operation has successfully been performed and then transfers 
^ a primitive MAC_ACC__CNF to the LAC at step ST17 . The mobile 

jl!l5 terminal does not start a new access try until the current 

^ access try is completed. 

Mi If the radio resource is set by the channel response 

message being received by the mobile terminal, then the MAC 
sub-layer of the mobile terminal proceeds to the wait for 

20 active step ST18. Then, the upper layer (RRC) of the mobile 

terminal transfers a primitive MMAC_ACT_REQ to the MAC sub- 
layer at step ST19, and the MAC sub-layer transfers a 
primitive PHY_ACT_REQ to the physical layer at step ST20 to 
instruct it to activate the allocated radio resource. Then, 

2 5 upon receiving a response primitive PHY_ACT_CNF from the 
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physical layer, the MAC sub-layer transfers a primitive 
MMAC_ACT_CNF to the RRC to inform it that the radio resource 
has been set. 

On the other hand, the radio resource allocation 
5 operation of the base station is performed in the following 

manner . 

Upon receiving the channel request message from the 
mobile terminal at step SN2, the MAC sub-layer of the base 
station sends a channel request acknowledge message to the 

a 

-010 mobile terminal at step SN3 to allow the mobile terminal to 

i m 

j^i stop the random access try. Then, the base station allocates 

rfi the radio resource requested by the mobile terminal thereto 

is A 

jafi and then sends the channel response message to the mobile 

m terminal at steps SN5 and SN6. The channel response message 

[^15 includes information associated with the radio resource 

^ allocation, or allocated frequency information and channel 

allocation description information. 

The MAC sub-layer of the base station transfers 
information regarding the allocated radio resource to the 
20 physical layer to activate a physical channel at step SN8 . 

Thereafter, signal processing procedures necessary to the 
connection control and call control are performed by a paging 
control operation. Here, because a point of radio resource 
activation time is a local factor, it may be set differently 
25 according to development environments. 
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If the radio resource is set, then the base station ends 
the radio resource allocation operation. The MAC sub-layer of 
the base station transfers a primitive PHY_ACT_REQ to the 
physical layer at step SN9 to request it to activate the 
allocated radio resource. Then, upon receiving a response 
from the physical layer, the MAC sub-layer of the base station 
transfers a primitive MMAC_ACT_CNF to the RRC of the base 
station at step SN16 to inform it that the radio resource has 
been set. 

RADIO RESOURCE ACTIVATION MODE OPERATION BETWEEN MOBILE 
TERMINAL AND BASE STATION 

1. HANDOVER TRIGGER OPERATION 

In each of the mobile terminal and base station, the 
physical layer transfers a primitive PHY_HO_TRIGGER_IND to the 
MAC sub-layer to inform it that a handover operation must be 
performed. Then, the MAC sub-layer transfers a primitive 
MMAC_HO_TRIGGER_IND to the RRC. 

2. RADIO CONDITION MEASUREMENT OPERATION 



The physical layer of the mobile terminal transfers a 
primitive PHY_MEASURE_IND to the MAC sub-layer to inform it 




that a cell condition or channel condition must be measured. 
Then, the MAC sub-layer transfers a primitive MMAC_ME A S U RE_ I N D 
to the RRC . 

5 3. CELL CONDITION MEASUREMENT REQUEST OPERATION 

Upon receiving a cell condition report request from the 
base station, the RRC of the mobile terminal transfers a 
primitive MMAC_MEASURE_REQ to the MAC sub-layer. Then, the 

;yiO MAC sub-layer transfers a primitive PHY_MEASURE_REQ to the 

IV 

physical layer to request it to measure the cell condition. 
:ij Then, the MAC sub-layer receives a response primitive 

r! PHY_MEASURE_CNF from the physical layer. 

1^15 4. CHANNEL CONDITION MEASUREMENTS-REQUEST OPERATION 

'& Upon receiving a channel condition report request from 

the base station, the RRC of the mobile terminal transfers a 
primitive MMAC_MEASURE_REQ to the MAC sub-layer. Then, the 
2 0 MAC sub-layer transfers a primitive PHY_MEASURE_REQ to the 

physical layer to request it to measure the channel condition. 
Then, the MAC sub-layer receives a response primitive 
PHY MEASURE_CNF from the physical layer. 
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5. CIPHER REQUEST OPERATION 

In each of the mobile terminal and base station, the MM 
transfers a primitive MMAC_CIPHER_REQ to the MAC sub-layer 
which then transfers a primitive PHY_CIPHER_REQ to the 
physical layer to request it to perform a cipher operation. 
Then, the MAC sub-layer receives a response primitive 
PHY CIPHER CNF from the physical layer. 



*glO 6. HANDOVER PROCESSING OPERATION 



In each of the mobile terminal and base station, the RBC 
«s transfers a primitive MMAC_HO_REQ to the MAC sub-layer which 

!«! then transfers a primitive PHY_HO_REQ to the physical layer to 

;I~!l5 request it to perform the handover operation. Then, the MAC 

■*I sub-layer receives a response primitive PHY_HO_CNF from the 

physical layer. 

7. RADIO RESOURCE MODIFICATION OPERATION 

20 

The radio resource modification operation is to modify 
attributes of a radio resource being used, according to a new 
service type (service, transmission rate, etc.). 

If the MAC sub-layer receives a radio resource (signal 
25 channel and traffic channel) modification request primitive 
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MMAC_MODIFY_REQ from the RBC, the mobile terminal and base 
station perform the following operations. 

The radio resource is activated according to a new 
service included in the primitive MMAC_MODIFY_REQ . 
5 The radio resource activation and deactivation operations 

are performed between the MAC sub-layer and physical layer of 
the mobile terminal on the basis of primitives PHY_MODIFY_REQ 
and PHY_MODIFY_CNF. The MAC sub-layer of the mobile terminal 
requests the physical layer to modify attributes of the radio 
JglO resource. Then, the MAC sub-layer of the mobile terminal 

\7i receives a response from the physical layer. 

j=J Here, because the radio resource activation and 

«^ deactivation operations of the base station are local factors, 

]L they may be performed differently according to development 

:~15 environments . 

8. RADIO LINK FAILURE PROCESSING OPERATION 

In each of the mobile terminal and base station, if a 
20 radio link fails before transition from the active state to a 

different state, the physical layer transfers a primitive 
PHY_RADIO_FAIL_IND to the MAC sub-layer which then transfers 
a primitive MMAC_RADIO_FAIL_IND to the RRC or RBC. As a 
result, the allocated radio resource is released and the 
25 operation then returns to the idle state. 
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As apparent from the above description, according to the 
present invention, the MAC sub-layer performs the basic 
functions such as the random access control information 
transfer function, control information transfer function, user 
information transfer function, f raming/def raming functions, 
segmentation/reassembly functions, functions of dividing a LAC 
frame into physical channels and vice versa, CRC function, MAC 
sub-layer frame error detection function, and rate adaptation 
(padding) function of adjusting the number of bits suitably 
'"rlO for a radio frame. Further, the MAC sub-layer performs the 

''sas 

associated functions such as the synchronization information 
TS control function, system information control function, 

]Z physical channel activation/deactivation functions, quality 

;L ; monitoring and reporting functions, and multi-bearer 

j;f 5 15 sequencing function of sequencing a multi-code. 

?2 Therefore, according to the present invention, the MAC 

yQ sub-layer and the protocol operating method using the same can 

provide a compatible multimedia communication service even if 

an originating terminal and a terminating terminal employ 
20 different communication manners, they are available from 

different manufacturers or they are operated by different 

communication service operators. 

Although the preferred embodiments of the present 

invention have been disclosed for illustrative purposes, those 
25 skilled in the art will appreciate that various modifications, 



-49- 



additions and substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims . 



